Introduction
Herpes simplex virus (HSV)is one of the main pathogens causing encephalomyelitis. The clinical manifestations of HSV infection in the central nervous system (CNS) are classified into three types; encephalitis, brainstem encephalitis, and myelitis. The HSVencephalitis predominantly affects the limbic system and the adjacent areas of the frontotemporal lobe. A diagnosis for HSVencephalitis can be madewith magnetic resonance imaging (MRI), electroencephalography (EEG) and biopsy. Although the HSVencephalitis is considered to be caused mainly by HSVtype 1 (HSV-1), some cases ofHSV type 2 (HSV-2) encephalitis have been reported recently (1). HSV brainstem encephalitis has also been documented, of which the diagnosis, however, is based on clinical manifestations such as cranial nerve palsy, cerebellar ataxia and conscious disturbances, and elevated titers of anti-HSV antibodies or isolation of HSVfrom cerebrospinal fluid (CSF) (2-9). It is unknown which type ofHSVcauses brainstem encephalitis. HSVmyelitis is a serious disorder presenting with an ascending necrotizing myelitis (10-1 8). It was considered in an autopsy specimen study that HSV-2 mainly causes myelitis. Most patients with HSVencephalomyelitis present a monophasiccourse. However, patients with recurrent HSVencephalomyelitis have been increasing owing to the advances in diagnostic assays, including the polymerase chain reaction (PCR) technique (19, 20) . Here wedescribe a patient with brainstem encephalitis and two patients with recurrent myelitis due to HSV-2, and in whomthe diagnosis was confirmed by PCRanalysis of CSF.
Case Report
Patient 1 A 67-year-old male, previously healthy, was admitted to our hospital because of walking difficulties, facial palsy, and headaches following a 5-day episode offever (37.0°C). No skin nor mucosal rashes were noted, and no abnormalities were found on general examination. Blood pressure was 120/80 mmHg, pulse rate 78 beats per minute, and temperature was 36.0°C. He was alert, but had nuchal stiffness. Optic fundi, pupils, and ocular movementswere normal. Weobserved horizontal nystagmus on lateral gaze, hypesthesia on the left halfofthe face, and left facial nerve palsy of the peripheral type. Weaknessor sensory disturbance were not found on the trunk and extremities. The deep reflexes were normal, but Babinski' s sign was positive on the right. He showedtruncal oscillation, and his gait was wide-based. Routine blood chemistry was normal. CSF analysis showed 240 white blood cells (WBC) (98% mononuclear cells), protein value of 132 mg/dl, IgG index of0.ll, myelin basic protein of 3.1 Jig/ml, and negative oligoclonal IgG bands. Brain MRI showed no abnormalities even with Gd-DTPA(gadliniumdiethylenetriamine pentaacetic acid) enhancement. Electroencephalogram and somatosensory evoked potential were nor-mal. Viral titers, including HSV-1 , HSV-2, herpes-zoster virus (HZV), Epstein-Barr virus (EBV), and human T lymphotropic virus type I (HTLV-I) were measured by enzyme immunoassay (EIA) and neutralization test (NT). HSV-1 (NT), HSV-2 (NT), HSV-1 IgG (EIA), HZV IgG (EIA), and EBV IgG (EIA) were present in his serum. In CSF, HSV-1 IgG was also positive (capture EIA index 0.399), while HSV-1 (NT) and HSV-2 (NT) were negative. He was treated with acyclovir (1 ,500 mg/day) and betamethasone (12 mg/day) for 14 days, and recovered gradually. Twomonthsafter his admission, he regained ability to walk without help. At repeated CSFexaminations, the total protein level had gradually declined to the normal range, and the HSVantibody titer was still positive (capture EIA index 0.368).
Patient 2 A 49-year-old female presented with urinary retention, back pain, numbnessand a sudden onset of weakness in both legs. Neurological examination showed paraparesis, positive Babinski sign, and sensory disturbances below the T-5 level on the right and below the T-7 level on the left. The urodynamic study showed atonic contraction. Analysis of her CSFshowed 30 WBC(all mononuclear cells), protein of79 mg/dl, IgG index of 0.32, myelin basic protein of 3.1 jug/ml, and an absence of oligoclonal IgG bands. A myelogram revealed cord enlargement at the levels of T-3 to T-7 segments. Anti-HSV antibody by EIA was positive in her CSF. After treatment with intravenous acyclovir ( 1 ,500 mg/day) and betamethasone (8 mg/day) for 4 weeks, she recovered significantly.
One year and 10 months later, she again developed myelopathy at the T-6 level, and she showed Romberg's sign. CSF analysis showed 196 WBC(100% mononuclear cells), protein of 90 mg/dl, IgG index of0.5 1 , and myelin basic protein of6.7 Jig/ml. MRI of her thoracic cord indicated an increased signal intensity in the posterior portion of spinal cord at the 2nd thoracic vertebra on Tl-weighted image with Gd-DTPAenhancement (Fig. 1) . Brain MRIwas normal. In her CSF, anti-HSV antibody using EIA remained positive. No herpetic vesicles were observed in either episodes. The test for serum antibody to human T lymphotropic virus type I (HTLV-I) antibody and results of collagen vascular screening test were both negative. Flow cytometry showed no abnormality in lymphocyte subset. She was treated with acyclovir ( 1 ,500 mg/day) and betamethasone (8 mg/day) for 3 weeks and again showed complete recovery.
Patient 3 A 38-year-old male presented with progressive weakness in both legs, urinary retention, and numbness, for one month.
Neurological examination revealed paraparesis and sensory disturbances below the T-6 level. Babinski's sign was negative. His bladder was distended. Analysis of his CSF showed ll WBC(all mononuclear cells), protein of75 mg/dl, IgG index of 0.44, and a positive oligoclonal IgG band. The myelogram revealed the cord enlargement at the T-2 to T-6 segments. The anti-HSV-1 antibody in his CSF determined by immunofluorescence (IF) was 1:4, and in serum it was 1:640. After administration of intravenous acyclovir (750 mg/day for 4 weeks) and prednisolone (60 mg/day for 2 weeks), his paraparesis im- The serial CSFsamples in the present patients were applied to PCR amplification. For DNApreparation, 500 |il ofCSF was treated at 55°C for 6 hours in lysis buffer containing 0.6% SDS, lOmMTRIS, lOmMEDTAand lmg/ml proteinase K. The DNAwas phenol-chloroform extracted and precipitated with ethanol.
The primer sequences were chosen to flank a conserved region in the HSV-1 and HSV-2 DNApolymerase gene. The primers used in the first PCR were as follows: 5 -CAGTAC-GGCCCCGAGTTCGTGACCGGG-31 and 5 -TACTCGCC-GATCACCCCGCG-3'. For the nested PCR, 5'-CATCAT-CAACTTCGACTGGCCC-3'
and 5 -GGCGTAGTAGGC-GGGGATGTCGCG-3' were constructed as the inner primer pair within the previous one. On the first round of PCR, the cycles consisted of DNAdenaturation at 94°C for 1 minute, primer annealing at 60°C for 1 minute and primer extension at 72°C for 1 minute for 35 cycles. On the second round ofPCR, 1 jul of the first PCR products were applied with 49 jil of a freshly prepared reaction mixture, followed by 30 cycles of amplification with 95°C for 30 seconds, 60°C for 30 seconds, and 72°C for 30 seconds. When HSV-1 or HSV-2 DNAexisted in the mixture, a 298-bp sequence was amplified by the nested PCR. Within this sequence, individual virus strains have unique restriction sites so that amplification products could be typed by digestion with Bgl II and Xho I (Fig. 2) . The PCR assay showed the presence of HSV-2 DNAin CSF samples from all 3 patients, and revealed no HSV-1DNA.In the two cases of recurrent myelitis, HSV-2 DNAwas detected in the CSF at the first and second attacks. As controls, we tested the CSF samples from 16 patients (5 MS, 1 viral myelitis, 4 aseptic DNAwas detected in any of these samples.
Discussion
As a clinical manifestation of HSV-2infection in the CNS, various syndromes have been reported such as encephalitis, meningitis, and myelitis. HSV-2 encephalitis typically occurs in the newborn, whereas herpetic encephalitis in the adult is mainly caused by HSV-1. Herpetic meningitis and myelitis are found in adults with HSV-2 genitalitis. Since the first report of HSV brainstem encephalitis (HSBE) by Dayan et al (2), HSV infection has been recognized as one of the important causative pathogens in adult brainstem encephalitis (3) (4) (5) (6) (7) (8) (9) 19) . To the best of our knowledge, previous reported cases of HSBEwere diagnosed by detection of HSVantigens in the cell from the CSF (2), isolation of the virus from autopsied specimens (2, 7, 8) , and a rise in antibody titers (2) (3) (4) (5) (6) 9 Whether HSV-2spreads to the CNSby a neuronal or a hematogenous route has been discussed. Both HSV-1and HSV-2are known to establish a latent infection, generally in the cranial nerve ganglia and spinal dorsal root ganglia. In HSV-2 myelitis, a neural spread into the spinal cord is proposed to occur by the induction of reactivation of a latent infection within the dorsal root ganglia ( 15). The diagnosis ofCNS-HSV infection is difficult because HSVis rarely isolated from CSF and the antibody against HSVis not always elevated during the early stage of this disease. Andin brainstem encephalitis and myelitis, it is difficult to obtain a biopsy for accurate diagnosis. Current progression of PCRtechniques provides clinical efficacy with rapid and sensitive diagnostic procedures (1, 22). Rowley et al (23) attempted to detect HSVDNAin CSF which was treated with ultracentrifugication. The CSFsupernatant was positive for HSVDNAby PCR, however, the ultracontrifuged pellets gave negative results. This mayindicate the presence of free viral DNArather than intact viral particles. In the case of small amounts of HSVDNAin the CSF, PCR sensitivity becomes problem. In our method, the specificity and Internal Medicine Vol. 34, No. 9 (September 1995) the sensitivity of the PCRassay were enhanced through the two hybridization steps of the nested approach. The HSVinfection in the CNSgenerally evidenced a poor outcome before the discovery of antiviral agents. Since acyclovir has become available for treatment, even in HSBEand HSVmyelitis, a rapid and accurate confirmation is very important. It must be noted that there are diverse disease types of HSV-2infection in the CNS.
